We analyzed various sources of scientific literature and our data at the experimental field of the National Academy of Agrarian Sciences Plant Growing Institute named after V.Ya. Yuryev within 2010-2013. The irradiation of winter wheat and spring barley seeds with the electromagnetic fields of the extremely high frequencies (MWF of EHF) was carried out with the help of the equipment of the Kharkiv Technical University of Radio Electronics. The treatment of seeds with the microwave oscillations of the extremely high frequency electromagnetic field (MWF of EHF) that is widely used for the operation of many radio and home microwave devices was done at the frequency range of 2.5-3.4 GHz, at the power of 0.9-1.8 kW for 5-95 seconds per 1 kg of seeds. The sowing quality of the seeds before and after treatment was determined in accordance with the current State Standard of Ukraine 4138-2002 in the laboratory of the seed production and seed science of the Plant Growing Institute named after V.Ya. Yuryev. The field experiments were performed in the crop rotation laboratory of the seed production and seed science. Pea for grain was sown before spring barley and the black fallow preceded winter wheat. During the experiments the area of the studied plot was 20 m 2 , the recurrence was four-times, and the placement of the plots were systemic.We suggested the optimum regimes of seeds irradiation with the microwave field of an extremely high frequency (MWF of EHF). They should be at range of 2.4-3.4 GHz with the power consumption of 0.9 kW per 1 kg of seed and at exposure of 45 seconds of 1.8 kW per 1 kg of seeds and exposure of 15-20 seconds. Such regimes cause the increased energy of germination, seeds sprouting, and crop capacity. We proposed to use this solution for improving and increasing the ecological features of winter wheat and spring barley by using the presowing microwave irradiation of seeds instead of chemical treatment. We considered the complex presowing treatment of seeds with MWF of EHF in combination with the plant growth regulators should be adopted and further enhanced.
Introduction
The world experience shows that in the countries with a high level of agro-technical support, the increase in the yield capacity of cereals reaches a critical point. The use of "intensive" technologies in the cultivation of agricultural crops since the 80's of the last century has led to an aggravation of contradictions between the economy and ecology. The intensive use of agricultural pesticides and mineral fertilizers, including chemical preparations for the presowing seeds treatment, increases the crops productivity, but at the same time, it inevitably causes a number of undesirable phenomena of the ecological and economic character. One of the essential elements of the technological process in cultivating grain crops, which influences the increase in the crop capacity and quality of crop production, is the presowing treatment of seeds with the chemical and biological preparations of various origins. However, today the problems of seeds sanitation and the selection of the most viable biotypes with higher crop properties with the help of presowing treatment with ecologically safe methods have not been solved in Ukraine. In recent years in order to reduce the negative agrochemicals influence on the environment, new alternative methods of seeds disinfection have been sought in Ukraine and abroad. Physical methods such as treatment with ozone, microwave and ultrasonic radiation, etc. are of a great interest (Tuchnyi, Karmazin, Dzyhovskyi, 2012; Tuchnyi, Karmazin, Levchenko, 2007; Tuchnyi and others 2007; Shevchenko et al., 2007) . One of the most ecologically safe and low-cost methods of presowing seeds treatment is the irradiation with a microwave field of an extremely high frequency (MWF of EHF). Along with the physical method of treatment the seed material with the microwave field the plant growth regulators and biological preparations, used to increase the plant resistance to the unfavourable factors and crop capacity of many agricultural plants, have become widespread in the agricultural practice (Lykhochvor, 2003; Anishyn, 2002) .
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The history of the world agriculture development shows that fungal, bacterial and viral diseases, weeds, harmful insects and nematodes can dramatically reduce the gross production and quality of products, and in some cases they can completely destroy the crop. According to the data of FAO the world's losses of the basic crops yield due to the harmful organisms that cause the diseases amount to 21%; 11% of the losses are caused by the pests and 24% of crop losses are due to the weeds (Sekun, 2007) . In Ukraine the average annual crop losses caused by the diseases, pests and weeds make up 20-30%; the losses of wheat crop make up 27%. Thus even partial loss prevention is an important factor which significantly increases the efficiency of crop production. According to the data of the Institute of Plant Protection of the National Academy of Agrarian Sciences of Ukraine the fungi of the genus Alternaria, Fusarium, Drechslera, Bipolaris, Penicillium and others are present on the seeds (Yevtushenko, Mariutin, 2001 ). Very often two or more types of fungi are found on one seed, but the peculiarities of their development are quite different, therefore they do not allow introducing the thresholds of harmfulness (Horban, 2013; Spaar, 1996) . The phyto-sanitary situation is so unpredictable that leaving the seeds thrown into the soil without treatment, means to dismiss 60-70% of the future harvest with a wave of your own hand. The most significant losses to the farmer are caused by the pathogenic organisms which can give rise to a number of plant diseases at the initial stage of their development and growth, first of all these diseases are bacterioses and mycoses ("Handbook ...", 1999) . For the first time the treatment of seeds (probably with sodium chloride) against the wheat Remnette described bunt in 1637. In 1733, Briton Tell recollected the treatment of cereal seeds with salty seawater. It happened by accident. In 1660, a ship with a cargo of wheat went down near Bristol. A portion of the grain was rescued, but it was not ground up into flour since it was saturated with salty water, so it was used as the seed material. Therefore, the peasants noticed an advantageous difference between "salty" and common crops (Fokin, 2009 ). In addition to copper, mercury compounds and formaldehyde quite a large number of chemical compounds (acids, alkalis, salts of light and heavy metals, phenols, cresols, resins, organic paints, and substances that secrete an active chlorine) were used as seed treatment agents. On September 1, 1926, the German Plant Protection Service determined a list of 14 well-known trademarks that should be paid into attention. In general, the Germans have started such a "competition" since 1923. In its essence, it was the first recommended list of the seed treatment agents, the prototype of our domestic one "List ..." (Fokin, 2009) . Depending on the preparation, the biology of the disease pathogen, on the structure and other features of the seeds, the dry seeds, semidry, wet seeds and the seeds of moisture treatment are used in practice (Handbook ..., 1999) . The dry treatment consists of the even applying of dry powdery preparations on the surface of the seeds. The advantages of this method are the simplicity of the execution and the disadvantages are the low technical efficiency due to the weak sticking of the treatment agents to the seed and holding on it. This method is most ecologically dangerous and leads to the significant environmental pollution (Pryshchepa, 1998) . The semi-drying treatment consists of applying water suspensions or the treatment agents' solutions at a rate of 20-30 l t -1 . on the surface of the seeds, followed by 3-4 hours of staining, ventilation and drying. The advantage of this method is a high efficiency of the infection elimination and the disadvantages are increasing of the moisture content in the seeds, a considerable labour-intensiveness and low productivity (Pryshchepa, 1998) . The wet treatment consists of the excessive moistening or soaking the seeds into the liquid (solution, suspension, or emulsion) treatment agent with the subsequent 2 hours staining, ventilation and drying. The advantage of this method is a high technical efficiency, and the disadvantages are the necessity for further drying and a considerable labour intensiveness (Pryshchepa, 1998) . Today in many countries of the world the seeds treatment is not only necessary but also a legislative obligatory measure for protection of the agricultural crops. According to the data of the Irish experts, about 50% of winter wheat crops are lost in that region in the absence of presowing seeds treatment against root rots (Strona, 1984) .
Literature Review
In the course of the given research we have analyzed various sources of scientific literature, as well as in 2010-2013 we have carried out our own field experiments at the experimental field of the National Academy of Agrarian Sciences Plant Growing Institute named after V.Ya. Yuryev. The irradiation of winter wheat and spring barley seeds with the electromagnetic fields of the extremely high frequencies (MWF of EHF) was carried out with the help of the equipment of the Kharkiv Technical University of Radio Electronics. The treatment of seeds with the microwave oscillations of the extremely high frequency electromagnetic field (MWF of EHF) that is widely used for the operation of many radio and home microwave devices was done at the frequency range of 2.5-3.4 GHz, at the power of 0.9-1.8 kW for 5-95 seconds per 1 kg of seeds. The sowing quality of the seeds before and after treatment was determined in accordance with the current State Standard of Ukraine 4138-2002 in the laboratory of the seed production and seed science of the Plant Growing Institute named after V.Ya. Yuryev. The field experiments were c=performed in the crop rotation laboratory of the seed production and seed science. Pea for grain was sown before spring barley and the black fallow preceded winter wheat. During the experiments the area of the studied plot was 20 m 2 , the recurrence was four-times, and the placement of the plots were systemic.
Discussion
The treatment with modern preparations makes it possible to disinfect the seeds from the external and internal infections, protect them and their sprouts from the affection with the diseases pathogens, which are in the soil, and to weaken the negative effect of the seeds traumatizing. This also stimulates activation of their protective properties and prevent the development of the pathogens (Handbook ..., 1999) . Unlike the existing presowing technologies of the seeds treatment back in the 80's of the last century the technologies more ecologically safe became popular. At the Plant Growing Institute named after V.Ya. Yuryev the technology of the presowing seeds treatment called "incrustation" was developed. It combined exactly the treatment and the creation of a protective shell for the seeds (Dindoroho, Strona, 1989) . The efficiency of treatment according to this technology is due not only to the effect of the treatment agent, but also to the formation of a protective shell on the surface of the seed, which prevents the access of soil microorganisms to the seeds through the micro-injuries of the endosperm or embryo. According to the data of the authors who carried out the researches with the seed fungicide Vitavax 200 FF and the preparation Raxil Extra, the development of root rots during the phase of autumn bushing out of winter wheat the variant without treatment was higher than the economic threshold of harmfulness (ETH); it was within the range of 18.5-19.7%. In the case with the use of Vitavax 200 FF and Raxil Extra fungicides, this index was lower in the dry years by 15-34%, and by 60-65% in the wet years respectively. Thus when sown the treated seeds the development of root rots was lower or close to the economic threshold of harmfulness (Krasylovets et al., 2014) . Some researchers point out that the fungicides facilitate the growth and development of plants, while others in their work show the negative influence of the systemic action fungicides on the germination and intensity of the initial growth of the plants (Krasylovets Yu.H. et al., 2014; Batalova, 1989) . M.I. Zazimko and other scientists indicate that the studies that had been carried out over 11 years while conducting 47 field experiments showed that only 12 of them led to the significant increase in the yield capacity after presowing treatment of winter wheat (Zazimko et al., 1996) . At the same time the treatment agents provide the sufficient protection of the crops at the beginning of the vegetation, but remain a source of the environmental pollution, they are absorbed by the grain and the stored products and have a negative influence on human health (Pryshchepa, 1998) . According to some authors, the use of chemical preparations for the presowing treatment of seeds suppresses the vitality of the embryo, weakens the productivity of the crops and creates an environment that reduces the immunity during the vegetation period (Babayants, 2014; Yevtushenko, Mariutin, 2001) . Such measures are incompatible with the ecologically safe environment and quality of food. Therefore, the problems of elaboration and research of the new environmentally safe methods for presowing seed treatment, which allow achieving higher yield capacity while minimizing the energy consumption, remains very relevant. In particular, they are relevant in Ukraine where almost the entire territory is declared an ecological disaster zone; the widespread use of chemical preparations can lead to the unpredictable results (Storchous, 2013) . Among the environmentally safe methods of presowing treatment are the thermal methods applied to the seeds of different agricultural crops in order to increase their germination and reduce their contamination with the pathogenic microflora. The hydrothermal seed treatment and stratification (keeping the seeds at a constant temperature for a long period) have such kind of action. The treatment of seeds with the heated steam at a temperature of 150°С also increases the germination. Nevertheless, the disadvantage of the thermal method is the duration of the sowing material treatment procedure (from several hours to several months), as well as high-energy intensity and multi-stage process (Kyrychenko et al., 2009 ). The photo-energy methods for the stimulation of the growth processes are applied to both the seed material and vegetative crops. Presowing seed treatment with the impulse focused solar radiation gives an increase in a yield capacity up to 11%; and the treatment of the vegetative plants increases the intensity of the photosynthetic processes proceeding (Dubrov, 1963) . The photo-energy methods also include the laser treatment of the crops sowing material during the vegetation period (Velskyi, Plavinskaya, 2003; Kratzsch, Wicke, Ackermann, 1977) . Other ecologically safe and highly effective methods of presowing treatment of seeds are also known. They are the low frequency electromagnetic field method of treatment (Tbilisi State University); the impulsive concentrated sunlight (Kazakh Agricultural Institute); the infrared radiation (Siberian Scientific and Research Institute of Mechanization and Electrification of Agriculture); the hydrogen and plasma treatment (the Department of National Scientific Centre of Agricultural Electrification); the gradient magnetic field (Joint Institute for Nuclear Researches, the Institute of Physics of the Ukrainian Academy of Sciences), etc. (Shcherbakov, 2002) ; and the irradiation with the microwave field (MWF) of the extremely high frequencies (EXF) (Odessa Selection and Genetic Institute, Kharkiv National Technical University of Radio Electronics and V.Yu. Yuryev Institute of Plant Growing of NAAS) (Bezpalko, Buriak, 2014; Bezpalko, 2014; Hadzalo, 2009 : Cherepnev, 2008 Bashkova, 2007; Havryliuk et al., 2001; Kalinin, Boshkova, 2000) . Increasing the productivity of the grain crops and obtaining the ecologically safe products require the improvement of the cultivation technology, especially in the system of protection the crops from the harmful components of agroceonoses (Litvinov et al., 2003; Lissovyi, 1999) . The presowing seed treatment helps to reduce the negative impact of trauma, improves the yield properties of the seeds by using physical, chemical, biological and other measures aimed at the disinfection, improving the germination and increasing the productivity. In the existing plant protection system, the methods of the presowing treatment of seeds by the nature of their influence are divided into the following basic methods: chemical, biological and physical ones. The treatment of seeds of winter cereals provides not only the effective protection of seeds, sprouts and young plants from the infections but also improves the plants wintering under the conditions of the unfavorable autumn and winter periods. The disinfection of seeds allows to save up to 12% of winter grain crops, up to 15% of spring barley with the crops yield capacity of 4.0-5.0 t ha -1 (Smetanko, 2017) . At present, the treatment of seeds not only with the preparation of the fungicidal action but also with those of the insecticide action is becoming more and more widespread (Horban, 2013) . According to the data of the Central Scientific and Research and Project-Technological Institute of Mechanization and Electrification of Cattle-Breeding, the action of the ultraviolet radiation (UVR) provides a 10-12% increase in the yield capacity of cereals, an increase in the protein content in the green mass of corn by 6-10% and in the content of sugars by 12 -16%. The efficiency of this method of the presowing treatment is confirmed by the testing at the seed research stations (Savelyev, 1981) . The short-term and the repeated short-term treatments of seeds with the focused ultraviolet radiation give an increase in the yield capacity of the cereals up to 10-15% (Vladykin, 1999) . The mass usage of the growth regulators became possible only after the creation of the preparations on the basis of the natural substances analogues. The literary sources have the illustrations showing that the preparation which rates of applying into the basic crops cultivation amount to dozens of grams or milligrams per 1 ton of seeds or 1 hectare of crops have appeared. The technology of the presowing treatment with the growth regulators has its own positive features. The preparations are beginning to influence the development of the root system at the initial stages of their development; and such treatment can be carried out in advance together with the treatment agents and film formers at the seed plants or on the farms (Merkushyna, 1994) . As a result of the growth regulators action the mass of the root system increases up to 57% due to the greater number of the secondary roots in the cereals; the number of little ears in the ear and the mass of 1000 grain also increase. The yield capacity of winter wheat increases up to 6-25%, and the content of protein in the grain increases by 0.5-1.7% (Merkushyna, 1994) . O. Holovko found out that the application of the plant growth regulators made it possible to regulate directly the most important processes in a plant organism, to fully realize the potential of the variety laid in the genome by nature and selection (Holovko, 1997) . By using a set of the growth regulators in a number of countries, it was possible to achieve an increase in the production of the agricultural output by 15-20% or even more (Marenych, 2011).
Ukrainian Journal of Ecology, 9(3), 2019 V.Yu. Sudenko defined that the majority of the preparations for the presowing seeds treatment had not shown the mechanism of their influence on the seed germination, formation of seedlings, density of crops, and the formation of vegetative and reproductive organs of plants (Sudenko, 2016) . Judging by the researches carried out by M.M. Marenych it is seen that the preparations which stimulate the germination of winter crops seeds and protect sprouts from the stress, which is caused by the lack of moisture, have a positive influence on the growth of plants (Marenych, 2011) . A.O. Shevchenko indicates that when using the presowing seeds treatment with the biological stimulators the field germination of winter wheat seeds increases by 5% on the average (Shevchenko, Anishyn, 1997) . According to the data of A.S. Merkushyna, the effect of all phyto-regulators depends on their concentration; at the same time, the increased concentration causes a sharp inhibition of growth and death of the plants (Merkushyna, 1999) . L.A. Anishyn notes that the treatment of winter wheat seeds with the growth regulator Emistym S significantly enhances the processes of breathing, nutrition and photosynthesis, and increases the accumulation of chlorophyll in the leaves (Anishyn, 1999a) . In the KSP "Ukraine" of the Bucha district in the Ternopil region, as well as in a number of other farms, the yield capacity of winter wheat after the use of Emistin S has increased by 0.50-0.62 t ha -1 (Anishyn, 1999b) . At the same time, it was found that the dose of the treatment agent could be reduced by 25-30% when combined the treatment of winter wheat seeds with the plant growth regulator Emistym S. Such combination does not reduce their protective effect, which allows saving the costs. The treatment of seeds with the growth regulators also significantly improves the quality of the bread baked from the winter wheat flour (Ponomarenko, 1999) . L. Yu. Kerefov (2004) indicates that when treated the winter wheat seeds with Emistym S at a dose of 10 ml t -1 , there was an increase in the yield capacity by 0.36 t ha -1 . The treatment with Agrostymulin in the same dose gave an increase by 0.44 t ha -1 at a yield capacity under the control of 4.97 t ha -1 (Kerefov, 2004) . With modern technologies of grain crops cultivation the presowing incrustation of seeds with a bank mixture consisting of the filmformer, growth regulator and the treatment agent is a very important element of technology that contributes to increasing the resistance of plants to the stress weather conditions, and as a result to increase their productivity (Sharypin, 1998) . Under the conditions of the unstable moistening of the Northern Steppe the use of the plants growth regulators for the presowing seeds treatment of spring chaffy barley facilitated the increase in the crop productivity by 0.12-0.54 t ha -1 , that is 3.1-13.8% (Sudenko, 2016) . According to the researches of Ponomarenko S.P. the high efficiency of growth regulators is due to their content of a balanced complex of the biological substances which accelerates the growth of the green mass and the root system, and therefore the nutrients are used more actively, resulting in the increased resistance of the crops to the diseases, stress and unfavorable weather conditions (Ponomarenko, 1999) .
Smetanko O.V. notes that the use of the biological preparations based on the microorganisms Bacillus polymyxa, Enterobacter nimipressuralis, Aehromopacter album is positively marked on the winter wheat grain quality indices. Thus, when using the nitrogenous fertilizers together with the preparation based on Bacillus polymyxa, a mathematically significant increase in the content of gluten was noted (Smetanko, 2017) . The most promising element of the modern technologies for growing winter wheat and spring barley is the presowing seeds treatment with the biological preparations that stimulate germination, protect the seeds from the diseases, and eliminate the environmental pollution.
Recently due to the excessive pollution of the environment resulting in a wide and uncontrolled use of the pesticides and mineral fertilizers, the search for the alternative agricultural systems is very relevant. These systems are based on the biologization that foresees the limitation, and in the perspective the refusal from the chemical agents, the expansion of new types of the biological means usage for plant protection, especially under the unfavourable environmental conditions (Krasylovets et al., 2014) .
During the experiments of the Plant Growing Institute named after V. Ya. Yuryev of NAAS and other scientific and research institutions of Ukraine the influence of various methods of the presowing seeds treatment has being studied for many years. These methods include the use of plant growth regulators, biological preparations, seed incrustation, ozonization, physical methods of treatment and their combination. The scientists compare the action of the above-mentioned methods with the action of the chemical treatment agents as for the effect, which they have on the yield capacity, and the quality indices of many agricultural crops (Kindruk, Havryliuk, 2007) . The intensive use of the chemical agents for the presowing treatment of seeds facilitates the increase in the crops productivity but at the same time inevitably causes a number of undesirable effects of the ecological and economic character. The ecological consequences of using pesticides are reinforced by their cumulative effect, which is very dangerous for the quality of the obtained products. These substances are not natural, and therefore cause cankerogenosis and mutagenic effects. At the same time, the disinfection of the seed material is an obligatory agro-technical measure in the technology of the agricultural crops cultivation; and it will be impossible to solve the problem of the crops yield capacity increasing without it. Therefore, the scientists and practitioners in a number of countries of the world are passing on to the alternative methods of the presowing seeds treatment (Kindruk, Havryliuk, 2007) . One of the most ecologically safe methods of the presowing seeds treatment is the irradiation with the microwave field (MWF) of the extremely high frequencies (EHF). With the development of organic agricultural production in Ukraine, the rates of the chemicals in the agro-systems are significantly reduced. Beginning from 2004 in the EU the use of the traditional methods for the chemical treatment of seeds has been forbidden on the farms with the organic agriculture. This fact has led to the search for the new methods of the presowing seeds treatment, and first of all the physical methods became an alternative to the chemical ones (Dryncha et al., 2010) . However, unlike the chemical treatment, the physical methods (high frequency and microwave methods and treatment with the warm air or water) do not influence the diseases that are communicated to the plants through the soil organisms. The method of treating seeds with the heat belongs to the physical methods of the seeds treatment and can be used in practice; this method was known long ago. The seeds are heated with water, steam or air. The main criterion here is a combination of the temperatures factor, which is critical for the harmful organisms and the seeds. The main disadvantage of this method is the high moisture content in the seeds after treatment, which leads to significant consumption of energy necessary for the seeds drying (Presman, 1956) . Recently the methods with the use of the electromagnetic field (EMF) of the extremely high frequency (EHF) range in the food industry (microwave ovens) and for the drying of food and agricultural products have been widely used.
The use of the high-frequency electromagnetic waves of the microwave range for the seeds treatment is characterized by a significant intensity of heating, as well as the penetration of heat into the internal grain tissues (Boshkova, 2007) . The possibility of the seeds germination significantly reduces. This method is not suitable in practice, because when drying the seeds surface they die together with the pathogens of the disease. In 1956 scientist A.S. Presman proposed to use the action of the electric waves not only as the heat energy, but also as a catalyst for the processes taking place against the background of heating (Presman, 19580) . He assumed that the electromagnetic field (EMF) had an information influence on the biological objects (Leus, Kolomyichuk, 2009) . At the present stage the possible influence mechanisms of EMF on the plant organisms are relatively divided into several levels . Firstly, it is the energy effect that has the physical and mechanical bases of the heat effect (an increase in temperature and local pressure) and it is the most known. The most uncertain level is the information one, when the external energy flow cannot make the significant changes in the thermodynamics of the biological processes, but it can affect the vital processes of the plant organisms. This approach is implemented at the cellular level and is connected with the biological structures. These are the elements of the cell membranes that have a significant dipole electric moment (molecules of the protein and enzymes, etc.) . The information component today has an increased scientific interest for the physicists as well as for the biologists. Among the physical methods of the presowing seeds treatment the most promising method is the microwave (MW) technology; it is a result of many years of the researches of the military-industrial complex scientists and the branch sciences Shevchenko, 1999) . Many years of scientific experiments and the experience of a number of agricultural producers confirm that the microwave field suppresses the entire complex of the seed infection, which creates an alternative to the chemical method of plant protection (Paramonov, 2013; Shevchenko, 1999; Presman, 1956) . The use of microwave complexes for the seeds stimulation by the specialists of the leading research institutions, both in Ukraine and abroad, made it possible to identify the reserves for increasing the yield capacity of the agricultural crops. According to the results of a number of the authors, the attention to the physical method of the presowing seeds treatment with the microwave field consists in the fact that in this case a number of technological and economic issues are solved Ryzhuk et al., 2000; Rivis, Kovalysyn, 2000; Heidecker, 1982) . These main issues are increasing the laboratory and field germination of the seeds, accelerating the development of the crops and their ripening; resistance to the frosts, droughts, pests and pathogens; the increase in biomass; quality improvement of products (starch, protein, etc.) ; disinfection of the seeds and obtaining ecologically pure production with a reduced content of nitrates and pesticides. The researches concerning the testing of the microwave technology for the seeds stimulation in order to increase the level of the crops productivity potential realization (Kindruk, Havryliuk, 2007) occupy a special place in increasing the crops yield capacity (Havryliuk et al., 2001; Peresypkin, 1989) ; and it is very important thing. The results of the researches carried out at the Selection and Genetic Institute of the National Academy of Agrarian Sciences indicate that after treating three varieties of the elite seeds of soft winter wheat with the microwave field, the laboratory germination increased by 2-3%; and the initial indices were 95-96%. The field germination exceeded the control by 10-12%, and the yield capacity was exceeded by 12.1-33.6% depending on the variety. The efficiency of the wheat seeds treated with the microwaves has been confirmed by the experiments at the genetic level (Kindruk, Havryliuk, 2007) . In Ukraine, the new technology of the presowing treatment of winter wheat seeds has been tested under the very severe winter conditions of 2002-2003, when the winter cereals were destroyed by frost on a large area. According to the data of the Vinnytsia Research Station the seeds of Donetska 48 wheat variety, treated with the microwave field, not only passed the winter but also yielded 2.5 t ha -1 while under the control (the seeds without treatment) the plants died. It is known that among the methods that stimulate the growth processes and accelerate the growth and development of plants, the physical, chemical and biological methods are distinguished. According to the authors none of them has become widely used because they are not well grounded, and the mechanisms of their effect and after effect on the seeds have not been disclosed yet (Shevchenko, Tuchnyi, 2007) The effect of the seeds biological stimulation with the energy of the microwave field is manifested itself in different ways depending on the genotype of the plants, the variety reaction, as well as on the initial quality of the seeds. According to the data of the researches with winter cereals (wheat and barley) this effect is smoothed over by the conditions of the autumn and winter periods, but even in those years the increase in the yield capacity was mainly reliable (Tymoshenko et al, 2009 ). With the spring cereals the effect of the seeds microwave stimulation is better than with the winter cereals due to more favorable conditions and a short vegetative period of the crops, when the energy of the microwave field has a greater aftereffect on the plant (Bezpalko, Buriak, 2014 ; Technology of microwave treatment of agricultural crops seeds, 2003). The dry conditions of the summer period in the south of Ukraine are particularly vulnerable to the spring cereals. The researches of the Odessa Agrarian University scientists conducted in the very hot summer of 2003 show that the yield capacity of nine varieties of spring barley which seeds had been treated with the microwave field, exceeded the crops under the control by 0.3-0.5 t ha -1 while an average yield capacity in the region as a result of the drought was 0.83 t ha -1 (Presman, 1956) . The authors at the functional level, namely the third one after the energy and information levels , carried out the study of the possible mechanisms of the microwave field action on the biological objects. The optimum regimes of EMF that activate the action on the enzymatic systems of the agricultural crops seeds were found; at the same time the structural and functional integrity and biochemical composition of the treated seeds were not damaged. During the vegetation period, the intensity of the assimilation processes has been reinforced. According to the authors the unique character and practical significance of the microwave technologies consists in the fact that along with the increase in the productivity of the field crops the industrial loading on the natural environment is weakened. The technology minimizes and often completely excludes the use of chemical preparations, among which the pesticides are particularly dangerous. Their decomposition in the soil, plants and water is often accompanied by more resistant and toxic elements in comparison with the initial compounds (Buriak et al., 2011; Technology of microwave treatment of agricultural crops seeds, 2003). The obtained data and the gained experience of using different EMF regimes have been thoroughly tested under the laboratory conditions and at the experimental plots of different farms and they are recommended to be used in the agricultural practice of the presowing seeds treatment. Along with the physical methods of treating the seed material with the microwaves, the biological preparations based on the useful microorganisms are widely used in the agricultural practice (Bezpalko, Buriak, 2014; Tymoshenko et al., 2009; Tuchnyi, 2007) . The recent studies have shown that among the new non-traditional reserves of the spiked cereals productivity increasing, which do not require the significant additional costs, there is a widespread introduction of the plant growth regulators of the new generation (Chmil, Lazariuk, 2016; Hadzalo, 2009; Gordiyenko, Ponomarenko, 2008; Piatyhin, 2008; Voloshyna, 2007) .
In the decree of the Ministry of Agrarian and Industrial Complex and Ukrainian Academy of Agrarian Sciences dated 18.10.1999, No.303/113 "On the Introduction of New Growth Regulators", it is emphasized that the Ukrainian preparations are one of the most profitable reserves for increasing the yield capacity. This is especially true under the conditions of the insufficient nutrition of soils; and beginning from 2000, the new growth regulators are recommended to be used by the farm specialists as an obligatory agricultural measure (Recommendations on the use of highly effective plant growth regulators in the cultivation of spiked cereals, 2005). The growth regulators in very small doses facilitate the acceleration of growth, development, increase in productivity and improve the quality of the agricultural products. Penetrating into the plants, they are included in the metabolism, activate the biochemical processes, and increase the level of vital activity of the plants. The regulators influence the system of hormonal regulation, which determines the nature of the most important physiological processes, in particular, accelerates the formation of new organs of the plants and the beginning of flowering and ripening (Bezpalko, Buriak, 2014) . At the experimental crops of the Chernihiv Agricultural Station the number of the productive stalks of winter wheat increased by 16.1-17.1% under the influence of the biological stimulators (Kossolap, 2008) . In the nearest future the combination of the microwave technology and the subsequent treatment of the seeds with the plant growth regulators should become a perspective direction of science and practical agriculture; this will enable to solve a number of the agricultural production problems in a complex. The high energy of germination characterizes the ability of the seeds to germinate quickly and simultaneously. Healthy seeds, smoothed according to their physiological state, have such a property. Quick and simultaneous seed germination shows that the sprouts will be strong and resistant to the unfavourable environmental conditions during sowing and sprouting (Izhyk, 1976) . The main manifestations of the electromagnetic field influence on the seeds as a biological object are the thermal effect (the temperature increase) and the functional effect. The latter is breaking of the hydrogen links and occurrence of processes of starch hydration with the formation of the final biochemical components such as glucose and fructose and other enzyme transformations, which subsequently affect the stimulation and intensification of germination (Dindoroho and others, 2009; Kalinin, Boshkova, 2000) . By the authors' determination these effects are appearing simultaneously; but to draw a conclusion as for the degree of the biological effect as a result of the seeds presowing irradiation with the microwave field of the extremely high frequency can be possible only by determining the quality indices of the seeds, and first of all, the energy of germination and sprouting. In this connection we have carried out the reconnaissance experiments in order to establish the optimum regimes for spring barley and winter wheat seeds irradiation with the microwave field of an extremely high frequency in the range of 2.5-3.4 GHz with the help of the equipment of the Kharkiv National University of Radio Electronics. The optimum regime for the seeds irradiation is that which does not lead to a decrease in the germination or causes its increase, but the effect of brining the seeds into a healthy state is kept at the subsequent stages of the plants development. The seed samples by weight of 200 g each were irradiated with a microwave field of the extremely high frequencies.
The irradiation power of 0,9 or 1,8 kw per 1 kg of seeds at the variable exposure (exposure duration) at the intervals of 5 seconds (from 5 to 95 seconds) was studied. It was found out that the temperature of the seeds increased and ranged from 20 to 87°C depending on the exposure. Seven days after the irradiation the samples were sown in order to determine the laboratory germination according to the State Standard of Ukraine 4138-2002 (The Seeds of Agricultural Crops; . The indices of the germination and sprouting energy of the irradiated barley and wheat seeds varied depending on the radiation power and its exposure; and the sowing quality of the seeds that had been irradiated with the high regimes "a dose-an exposition" decreased significantly or even led to the death of the embryos. According to the results of the researches, the conformities of the variability of the germination and sprouting energy of spring barley seeds of Aspect variety depending on the temperature of the seeds heating and the exposure of the radiation were determined. At the power of 0.9 kW per 1 kg of the seeds the slight fluctuations of the germination and sprouting energy are observed. Thus, at the exposures from 5 to 40 seconds the germination energy was within the limits of 88-92%; at the exposure of 45 seconds it was 93%. The further increase in the radiation exposure of the seeds up to 50-80 seconds led to a decrease in the energy of germination, it amounted to 88-92%. In this case the seeds germination at the exposure from 5 to 40 seconds was within the limits of 90-93%, at the exposures of 45-50 seconds it was 93%. The further increase in the radiation exposure of the seeds up to 55-80 seconds led to a decrease in the sprouting and it was 90-92%. Thus, the highest indices of the germination and sprouting energy of the seeds (93%) at the power of 0.9 kW per 1 kg of seeds were observed at the exposure of 45 seconds. When irradiating the seeds at the power rate of 1.8 kW per 1 kg of seeds and at the exposures from 5 to 15 seconds the seeds germination energy was 89% and the energy of the seeds sprouting was 91-92%. The highest energies of germination and sprouting were obtained at the exposure of 20 seconds; they were 91 and 92% respectively. An increase in the exposure from 25 to 50 seconds was accompanied by a sharp decrease in the energy of the seeds germination and sprouting and it reached 88-45% and 89-55% respectively. Therefore, for the conducting the field researches while irradiating the seeds at the power rate of 1.8 kW per 1 kg of seeds, the exposure that lasted 20 seconds was chosen. According to Dindoroho at al (2009), a regular character for each variety was found out. At a certain exposure of radiation, before the "threshold" of a significant decrease in the sprouting, its maximum increase occurred, which in many cases exceeded the index under the control. The presowing seeds treatment with the microwave field of the extremely high frequencies increased the laboratory germination by 2% at the irradiation rate of 1,8 kw per 1 kg of seeds and at the exposure of 20 seconds; at the rate of 0.9 Ww per 1 kg of seeds and the exposure of 45 seconds the germination increased by 4%. Thus at the exposure from 0 up to 30 seconds the germination energy was within the limits of 88-89%, at the exposure of 35-40 seconds it was 90%, and at the exposure of 45 seconds it was 91%. The further increase in the seeds irradiation exposure up to 50-80 seconds resulted in a significant reduction in the energy of germination; it was 85-86%. At the same time the seeds germination at the exposure from 0 to 15 seconds was within the limits of 89%, at the exposure of 20 to 40 seconds it was 90%, and at the exposure of 45 seconds it was 91%. The further increase in the seeds irradiation exposure up to 50-80 seconds led to a significant decrease in the germination; it was 86-88%. Thus the highest indices of the seeds germination and sprouting (at the level of 91%) at the power of 0.9 kW per 1 kg of seeds were observed at the exposure of 45 seconds. The most optimum exposure of the irradiation of winter wheat Astet variety with MWF of EHF at a power rate of 1.8 kW kg -1 of seed is 15 seconds. Here the maximum indices of the germination and sprouting energies have been noted, these indices were at the level of 93%; while under the control without treatment the indices were 88 and 89% respectively. At the exposures of irradiation from 5 to 10 seconds the germination and sprouting energies were less, namely 90-91% and 91-92% respectively. The increase in the exposure from 20 to 30 seconds was accompanied by a sharp decrease in the energy of the seeds germination and sprouting, namely 85-87% and 86-88% respectively. In the complex of the technological methods of the agricultural crops cultivation, the preparation of seeds for sowing is an obligatory component. Usually the pre-sowing seeds preparation consists in disinfecting the seed material with the seed treatment agents as well as treating it with the synthetic preparations of different origins that stimulate the sowing and yield quality of the seeds (Petrovskyi et al., 2011; Retman, 2009; Strona, 1984; Mandzhos, 1971) . At the same time in Ukraine and other countries of the world, the researches concerning the study of the efficiency of the nontraditional and ecologically safe methods of the presowing seeds treatment are being carried out. One of such methods is the microwave irradiation of the extremely high frequencies. According to Bezpalko, Buriak (2014 ), Buriak et al. (2011 ), Khomenko et al. (2009 the use of the microwave technology does not exclude the possibility of its combination with the treatment of seeds with the biological and chemical preparations That is why the next stage of the reconnaissance laboratory researches was the study of the influence of the additional presowing treatment of barley and wheat seeds irradiated with the microwave field of the extremely high frequencies, the seeds treatment agent and plant growth regulators on the indices of the germination and sprouting energy. For this purpose after the irradiation with the microwave field of the extremely high frequencies the presowing treatment of spring barley seeds of Aspect and Vyklyk varieties with the growth regulators of Radostym and Albit and the seed treatment agent Vitavax 200 FF was carried out. During the experiments the recommended rates of the preparations consumption as well as the half-reduced rates were tested (List of pesticides…, 2012). It was found out that treating the seeds with Vitavax 200 FF at the half-reduced rate from the recommended one gave an increase in the energy of germination and laboratory sprouting by 2%, whereas the total rate of the seed treatment agent did not provide an increase in the sowing qualities. The use of the reduced rates of plant growth regulators Radostym and Albit proved to be less effective in comparison with the total rate of their usage. In the first case the sprouting increased only by 1-3%, while in the second case it increased by 2-4%. Consequently, for the further laboratory and field studies a half-rate of Vitavax 200 FF, namely 25 l t -1 and a total rate of plant growth regulators Radostym and Albit at the rates of 0.25 l t -1 and 30 ml t -1 . respectively for the presowing treatment of the seeds irradiated with the microwave field of the extremely high frequencies were used. We have taken the growth regulator Mars EL at the manufacturer's recommended rate of 0.2 l t -1 for the researches with winter wheat.
Conclusion
The nature of the presowing irradiation with the microwave field of the extremely high frequencies influence on the sowing quality of spring barley and winter wheat depends on the intensity of the irradiation and its exposure, as well as the associated temperature of the seeds heating. The positive influence on the energy of germination and the seeds sprouting of spring barley seeds was noted at the power of the irradiation with the microwave field of the extremely high frequencies of 1.8 kW kg -1 and at the exposure of 20 seconds. This was also the same at power of 0.9 kW kg -1 and at the exposure of 45 seconds. As for winter wheat seeds the best results was noted when irradiating them at the power of 1.8 kW kg -1 and at the exposure of 15 seconds, as well as at the power of 0.9 kW kg -1 and an at the exposure of 45 seconds. The treatment of spring barley and winter wheat seeds irradiated with the microwave field of the extremely high frequencies at a halfreduced rate of consumption, namely 1.25 l t -1 or its treatment with the growth regulators contributes to an additional increase in the sowing quality of the seeds and depends on the preparation and its rate of consumption. To increase the ecological safety of the existing cultivation technologies and the yield capacity of winter wheat and spring barley, the presowing seeds treatment with the chemical agents should be replaced by the presowing irradiation with the microwave field of the extremely high frequencies (MWF of EHF). The rates and methods should be crop-specific. It will has a special importance in organic agriculture.
